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ABSTRACT
Background: It remains controversial whether the reduction in
associative learning ability previously reported among people
10with aphasia is specific to linguistic learning or whether the
difficulty lies in the formation of new associative learning.
Furthermore, an effective associative learning approach that ben-
efits people with aphasia with different profiles of language
impairment and levels of severity is yet to be identified.
15Aims: This study investigates associative learning within linguistic
and non-linguistic domains, contrasting the performance of peo-
ple with aphasia (n = 11) and two groups of control participants
[young (n =©18) and old (n =©18)] to identify if, for people with
aphasia, reduced associative learning occurs across domains or is
20specific to the linguistic domain. In addition, the effect of massed
and spaced practice is examined to explore potential facilitative
learning approaches for people with aphasia.
Methods and procedures: Learning of linguistic (word-pairs) and
non-linguistic (picture-pairs) material took place separately but
25follow the same procedures. The study involves pair-association
learning, with a study phase (involving massed and spaced
practice) followed by an immediate cued recall task to assess
learning outcomes. Retention of learning was assessed©2 days
post-study, with a delayed recognition task and a delayed cued
30recall task.
Outcomes and results: The findings show that, in cued-recall
tasks, despite an overall reduced performance among people
with aphasia, patterns of learning largely mirrored the control
participants. Word-pairs were better retained than picture-pairs
35with spaced practice producing better results than massed in
both learning conditions.
Conclusion: This study advances our understanding of how people
with aphasia learn new associations and, regardless of language
impairment, associative learning can be facilitated by spaced prac-
40tice. The findings of the current study highlight the potential
importance of adopting spaced practice in clinical settings to
maximise outcomes of therapy sessions.
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Introduction
Within aphasia, word retrieval difficulties are a frequently reported symptom (e.g. Best,
45Herbert, Hickin, Osborne, Howard, 2002; Fillingham, Sage, & Lambon Ralph, 2006;
Nickels, 2002). Whilst treatment has been shown to benefit word retrieval, improvement
is not universal across studies and participants, and gains can be modest (e.g. Kelly &
Armstrong, 2009; Middleton & Schwartz, 2012; Morris, Howard, & Buerk, 2014;
Tuomiranta et al., 2011). When treatment has limited or no effect, we need to under-
50stand the possible reasons; one possibility is that this is related to some aspect of
learning. Indeed, the efficacy of treatment is often measured by improvement of treated
items (e.g. Jokel, Graham, Rochon, & Leonard, 2014), retention of the items (e.g. Green
Heredia, Sage, Lambon Ralph, & Berthier, 2009), and generalisation to untreated items
(for reviews, see Krajenbrink, Nickels, & Kohnen, 2015Q3 ; Webster, Whitworth, & Morris,
552015). These different indices of treatment effects may relate to different aspects of
learning. Given the potential relevance of learning to rehabilitation, it is important to
understand how learning is affected in aphasia and, if so, whether this a general deficit
in learning or specific to learning of linguistic information.
In the recent decade, associative learning has received more attention in aphasia
60research, as the ability to form associations between new word forms and meanings is
fundamental to word retrieval therapy. Many studies show that people with aphasia are
capable of learning new words (e.g. Tuomiranta, Gronroos, Martin, & Laine, 2014) and
also demonstrate that the learning outcome can be long-lasting (Kelly & Armstrong,
2009; Tuomiranta et al., 2011). However, in the case of associative word learning,
65individual differences among people with aphasia have been reported in terms of
learning approaches employed (e.g. Kelly & Armstrong, 2009) and/or numbers of items
successfully learnt (e.g. Snell, Sage, Lambon Ralph, 2010). As Kelly and Armstrong point
out, although learning approaches thought to facilitate associative word learning were
explicitly made available for people with aphasia during the learning process, none of
70these was identified as effective for all. Evidence therefore suggests that people with
aphasia retain the ability to learn new associations and the learning approach adopted
during process may determine individuals’ learning success.
Using non-linguistic material, Vallila-Rohter and Kiran (2013) report that 60% of the
participants with aphasia successfully learnt to categorise novel animals based on the
75features of each category introduced during the training. However, only three of out of
their©19 participants achieved control-like learning behaviour. Vallila-Rohter and Kiran
suggest that their findings reveal preserved categorisation ability and impaired general
associative learning mechanisms. Their study provides evidence that people with apha-
sia retained the ability to learn new associations (novel animals and their categories).
80However, without a direct comparison between linguistic and non-linguistic learning
with the same learning approach, it is difficult to determine if the reduced learning
performance is a result of general associative learning deficits or affected by language
impairments.
The above studies have shown that regardless of material used (linguistic or non-
85linguistic), the majority of people with aphasia have demonstrated reduced associative
learning, albeit showing some capacity to learn. One potential account for the poor
performance demonstrated by people with aphasia in linguistic tasks attributes this to
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their difficulty in rehearsing input information in order to create a longer lasting memory
trace. According to the working memory model proposed by Baddeley and colleagues
90(Baddeley, 2010; Baddeley, Gathercole, & Papagno, 1998; Baddeley & Hitch, 1974), the
phonological loop is an important device that is responsible for holding input(s) in short-
term memory whilst an articulatory rehearsal process, analogous to subvocal speech,
occurs. This process refreshes newly formed memory traces [see Baddeley (2003) for a
review of the role of articulatory rehearsal in the phonological loop in working memory].
95Another potential account is disrupted access to lexical representation. Dell and
O’Seaghdha (1994) argue that once a linguistic input is received, the phonological
representation is activated and spreads to the lexical and semantic levels. During the
time course of processing, the feedforward-feedback interaction keeps the relevant
linguistic representations activated in order to retrieve the intended word(s). Based on
100this concept, Martin and Saffran (1997) proposed an interactive activation model of
short-term memory, suggesting that retention of verbal information relies largely on the
activation of linguistic representations during processing. If these processes are com-
promised in aphasia, learning of new linguistic information could be hampered due to
limited support from the language system; consequently, people with aphasia would
105demonstrate reduced performance.
Since reduced associative learning is reported among people with aphasia, under-
standing whether this is specific to linguistic learning (and in some way part of the
language impairment) or a potential domain-general learning deficit (affecting linguistic
and non-linguistic learning) is a fundamental question. The current study systematically
110compares linguistic and non-linguistic learning, allowing consideration of whether it is
the language deficit alone which impacts on (linguistic) learning, or whether there is a
more general associative learning deficit at play.
Facilitating associative learning
In addition to understanding if and how associative learning is potentially impaired, it is
115also of interest to consider how to harness possible facilitatory effects on associative
learning from two perspectives – dosage and treatment scheduling. Dosage concerns
the amount of training a person with aphasia receives; for instance, the number of word-
pair practiced in a session or the number of treatment sessions. Treatment scheduling
refers to how practice or session is arranged within or across a period of time. In terms of
120dosage, retrieval practice in relation to naming has been studied intensively in the
aphasia literature (e.g. Conroy, Sage, & Lambon Ralph, 2009; Schuchard & Middleton,
2018). Retrieval, the ability to access information when needed, is one of the crucial
abilities for learning success. Based on substantial research of test-enhanced memory on
various learning tasks, retrieval practice highlights the role of retrieval “attempts” in
125retention (for review, see Rawson & Dunlosky, 2011). The retrieval practice effect is
invulnerable to error-making and/or absence of feedback (Conroy et al., 2009;
Fillingham, Sage, & Lambon Ralph, 2005; Middleton, Schwartz, Rawson, & Garvey,
2015). Despite being a rather robust effect, how to©maximise and sustain the effect of
retrieval practice for people with aphasia requires further investigation; a learning
130approach that may facilitate learning outcomes and benefits people with aphasia with
different language profile has yet to be identified.
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Regarding treatment scheduling, in previous research, naming interventions occur
across sessions, with considerable variation in dosage both within and across sessions.
The intensity of therapy session has been studied (e.g. Sage, Snell, & Lambon Ralph,
1352011). However, how to schedule practice within a session has received little attention
yet is an important aspect to explore. In the existing learning literature, spacing and
massing of study/practice are two contrasting effects on learning that have been studied
in depth in healthy adults. These two effects are independent from “practice” (Karpicke &
Roediger, 2008; Roediger & Karpicke, 2006); although when combined with practice,
140better performance is usually observed (Carpenter & DeLosh, 2005; Cull, 2000; Karpicke &
Roediger, 2007). In these studies, “practice”, the same as retrieval practice in the aphasia
literature, is defined as where an opportunity is given to consciously retrieve newly
learnt information; this contrasts with “pure study” episodes where an opportunity for
conscious retrieval is absent. Treatment studies generally involve practice and it is
145therefore relevant to examine the effects of manipulating spacing and massing of
practice on associative learning in people with aphasia.
Massing (of practice) is when participants learn one particular item within a fixed period
of time with no interruption and/or no intervening items between repeated practice
opportunities. Spacing, on the other hand, refers to when a to-be-learnt item is repeatedly
150practiced several times but where every practice opportunity is separated by intervening
items. The massing hypothesis anticipates that immediate recollection of the information
and self-confidence of participants toward learning benefits from massed practice (Kahana
& Howard, 2005; Logan, Castel, Haber, & Viehman, 2012; Son, 2004). The spacing hypothesis
predicts that spaced practice will be a facilitator of long-term retention of newly learnt
155information (Cepeda, Pashler, Vul, Wixted, & Rohrer, 2006; Karpicke & Roediger, 2007;
Middleton & Schwartz, 2012; Wahlheim, Dunlosky, & Jacoby, 2011). The effect of spaced
practice over massed practice on learning outcomes and retention is referred to as the
spacing effect. The spacing effect was first reported among neurologically intact popula-
tion in the late 1800s, with demonstration that distributing practice had a positive effect
160on learning outcomes (Ebbinghaus, 1885/1964). A spacing schedule is usually created or
manipulated by inserting various numbers of intervening items (or lag) between two
practice episodes. Intervening items are designed specifically for the purpose of interrupt-
ing participants’ learning experience without them noticing the interruption; for example,
introducing another item of a similar condition (such as another pair of words in a word-
165pair-association learning task) to the to-be-learnt items. The spacing effect has also been
considered as a strong and pervasive positive influence on long-term explicit memory
(Perruchet, 1989), which involves conscious recollection.
It is important to note that within the wider literature, “spacing” has been used to
refer to two different time manipulations; as described above, manipulation of lags
170between items within a session (e.g. Perruchet, 1989; Wahlheim et al., 2011) and lag of
time between each study episode on different occasions (e.g. Jackson, Maruff, & Snyder,
2013; Sage et al., 2011; Sobel, Cepeda, & Kapler, 2011). Both of these contrasts are of
interest, but fundamentally different and need to be considered as potentially different
effects/areas of study. The current study focuses on the former, exploring how spaced
175and massed practice might lead to distinct learning outcomes after one learning session.
The effect of spacing has been studied in neurologically intact young adults (Carpenter
& DeLosh, 2005; Karpicke & Roediger, 2007; Pashler, Zarow, & Triplett, 2003) and a
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population with dementia (Balota, Duchek, Sergent-Marshall, & Roediger, 2006). More
recently, the effect of massed and spaced practice in relation to aphasia therapy has also
180begun to be explored (Middleton, Schwartz, Rawson, Traut, & Verkuilen, 2016).
Within healthy populations, Pashler et al. (2003), for example, showed that greater
temporal distribution of practice maximised learning outcomes, despite the fact that spa-
cing (involving relatively long delays between study and retrieval practice episodes)
increased error rates during learning. In the same study, the benefit of spacingwas observed
185both 24-hours and one-week post-study. Pashler et al. employed pair-association learning of
Eskimo-and-English word-pairs, where the to-be-learnt pairs were presented once and
followed by two retrieval practices (“test©1” and “test©2”). The lag duration between the
initial presentation and test 1 (the first retrieval practice) was two intervening items (filler
word-pairs) and the lag duration between test 1 and test 2 had six variations (1, 2, 4, 8, 16, or
19032 intervening items). Assessed©1 day post-study, longer lag duration between test 1 and 2
resulted in a higher error rate; conversely, assessment done a week post-study demon-
strated the reverse pattern. Their findings revealed that the retention rate increased steadily
with lag duration. This therefore supports the suggestion that a short lag creates efficient
(immediate) learning outcomes and a relatively long lag improves long-term retention of
195the newly learnt information. In addition, the benefit of spaced practice does not appear to
be restricted to learning linguistic material; spacing seems to improve performance across
various types of learning, including non-linguistic conceptual material (Kornell & Bjork, 2008;
Kornell, Castel, Eich, & Bjork, 2010).
Middleton et al. (2016), being the first to investigate the potential benefit of spaced
200practice on therapy outcome, employed a pair-association learning task, in which four
people with aphasia re-learnt the names of famous people, fictional characters, and
names of iconic films that they recognised but had difficulty naming. The materials were
either repeatedly studied (without retrieval practice; a pure study condition), massed
practiced, or spaced practiced (with lag 5, 15, or 30). The results revealed that both
205practice conditions (massed & spaced) outperformed the pure study condition. Spaced
practiced names were better retained than massed practice names at©1-day and one-
week post-training. In terms of optimal spacing schedule, the three lag conditions
involved in the study led to similar retention, despite the longer lag resulting in reduced
retrieval success during training. The evidence provided by Middleton et al. sheds light
210on a promising learning approach that can potentially be effective across participants.
However, the materials involved in the study were all linguistic and were previously
known by the participants. Further investigation is required to determine if the spacing
effect is restricted to re-learning previously known material or whether it can be
generalised to establishing new knowledge.
215Aims of the study
This study aims to investigate associative learning in people with aphasia. As discussed,
whilst reduced associative learning in various tasks has been demonstrated for people with
aphasia (e.g. Snell et al., 2010; Tuomiranta et al., 2011, 2014), the extent to which impaired
language and/or decreased learning ability contributes to the poor associative learning
220outcomes requires further investigation. This study therefore examines the effect of the
nature of the stimuli on associative learning. In the existing literature, the tasks given to the
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participants with aphasia are either linguistic tasks (e.g. Kelly & Armstrong, 2009; Tikofsky &
Reynolds, 1962, 1963) or rather complex and relying heavily on linguistic knowledge (e.g.
Vallila-Rohter & Kiran, 2013); consequently, linguistic impairment is a potential confound. In
225order to address this, the current study directly compares learning of linguistic and non-
linguistic material. According to the working memory model (Baddeley et al. 2003) and the
interactive activation model of short-term memory (Martin & Saffran, 1997), linguistic
knowledge plays a crucial role in learning of linguistic information. Therefore, the study
hypothesises that reduced associative learning in people with aphasia results from impaired
230language ability. Reduced learning outcomes were expected, particularly for linguistic
stimuli. However, the impact of the language deficit may be different for linguistic (words)
and non-linguistic (pictures) associative learning; it is plausible that linguistic information
would be differentially affected because of the linguistic impairment and its impact on
rehearsal of newly learnt information. In contrast, associative learning of non-linguistic
235material may be similar between people with aphasia and control participants; arguably
processing is visual and therefore participants without language impairment lose the
advantage of utilising intact linguistic knowledge to perform rehearsal.
Given that age has been widely reported to affect various domains of cognitive
abilities (e.g. Sandoz, Demonet, & Fossard, 2014; Shafto & Tyler, 2014), it is also necessary
240to consider the effect of age on associative learning. This study considers this by
recruiting two groups of control participants; a group of young participants and an
older, age-matched, control group.
Finally, building on the findings of Middleton et al. (2016), this study further examines the
facilitatory effects of massed and spaced practice on learning of new, previously unknown,
245information. Moreover, the current study directly compares the effect of massing and spacing
on learning of linguistic and non-linguistic material. Since both effects have been reported
to have a stable presence in linguistic (e.g. Pashler et al., 2003) as well as non-linguistic (e.g.
Kornell et al., 2010) learning tasks; it is expected that spacing and massing effect would be
found in learning of both word-pairs and picture-pairs in the current study. The prediction
250from the massing hypothesis was that massing facilitates immediate recollection; it was
therefore anticipated that massed practice would lead to lower error rates during learning
than spaced practice. Conversely, according to the spacing hypothesis, it was anticipated that
spaced practicewould result in higher recall accuracy thanmassed practice in both immediate
and delayed cued recall tasks. Despite the predicted advantage of massing on retrieval
255success during the study, spacing was©hypothesised to facilitate long-term retention.
Therefore, the different effects of the two learning approaches were expected to be even
more evident in the delayed cued recall task where the long-termbenefit of the spacing effect
was emphasised.
Methods
260The study contained two sessions, as shown in Figure 1, allocated approximately 48 h©
(plus/minus six hours) apart. It involved four phases which introduced the to-be-learnt
pairs and assess learning outcomes: Phase 1 – study phase, Phase 2 – immediate cued
recall, Phase 3- delayed recognition, and Phase 4 – delayed cued recall. In each phase,
the participants completed two tasks with the same procedure but two different
265stimulus types (linguistic & non-linguistic). In session one, the study phase involved
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associative learning tasks, in which the to-be-learnt pairs were practiced in either
massed or spaced schedules, as demonstrated in Figure 2. Following the study, the
participants had a©10-min©break before the learning outcomes were assessed with
immediate cued recall tasks. To evaluate retention of learning, delayed recognition
270and delayed cued recall tasks took place in session two. The delayed recognition task
was used to verify, when explicit retrieval was not required, whether massing and
spacing affects the formation of memory trace.
The order of which set of stimuli was presented first was counterbalanced; that is, in the
study phase, half of the participants were given the associative learning task with linguistic
Figure 1. Session I. Participants were briefed, given the to-be-learnt pairs (study phase), and
assessed immediately after learning (immediate cued recall). Once one set of stimuli (word or
picture pairs) was learnt and the outcomes were assessed, the procedure was repeated for the
other set of stimuli. Session II. The participants’ delayed recognition was assessed before cued recall.
The procedure was repeated for the two sets of stimuli.
Figure 2. Presentations of trials in the associative learning task: Example (a) shows the non-linguistic
stimuli in massed practice condition. Example (b) demonstrates the linguistic stimuli in spaced
practice condition. The dots in between the presentations represent the four intervening trials
separating the spaced practiced pair.
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275stimuli first whilst the other half beganwith associative learning of non-linguistic stimuli. In the
subsequent phases, the learning outcome of both sets for stimuli was assessed in the order
that they had been presented for learning in the study phase. All tasks were computer based;
the stimuli were presented on a©15-inch computer screen and the accuracy of responses and
reaction time of the participants were recorded by DMDX (Forster & Forster, 2003).
280Participants
Eleven people with aphasia, age between 53 and 84 (M = 70.64, SD = 9.30), were recruited
to the study. Participants were recruited as having aphasia resulting from a single sympto-
matic left-hemisphere cerebrovascular accident, and at least 6 months post-onset. Severity
and profile of language impairment, assessed by the Comprehensive Aphasia Test (CAT)
285(Swinburn, Porter, & Howard, 2005), varied among the people with aphasia. As shown in
Table 1, there is a wide range of individual difference in the performance on each language
production test. There was no other neurological and/or degenerative disorder, according to
self-report and observation. Participants with aphasia were screened for potential visual
neglect, assessed by the apples cancellation test from the Birmingham Cognitive Screen
290(Humphreys, Bickerton, Samson, & Riddoch, 2012), and hearing problems, based on self-
report. None of the participants had significant visual and hearing impairment. In terms of
other cognitive functions (see Table 2), all participants with aphasia performed above cut-off
on executive function assessment, the Modified Wisconsin Card Sorting Test (WCST)
(Schretlen, 2010). Verbal and nonverbal short-term memory span were assessed by digit
295repetition and Corsi block-tapping test, modified from the Wechsler Memory Scale – Revised
(Wechsler, 1987), respectively; raw memory scores are shown in Table 2. Despite variations
in short-term memory capacities, all participants with aphasia had intact semantic memory,
as assessed by the Pyramids and Palm Trees Test (Howard & Patterson, 1992).
Two groups of control participants were recruited for the experiment: 18 young partici-
300pants (university students) aged between 18 and 30 (M = 21.06, SD =©3.76) and 18 older
participants (age matched with the people with aphasia), aged between 50 and 80
(M = 69.00, SD =©7.35). The age matched control group had comparable years of education
to people with aphasia. All participants were monolingual native speakers of English.
Stimuli
305Stimuli were either word pairs (linguistic stimuli) or picture pairs (non-linguistic stimuli).
Across linguistic and non-linguistic stimuli, the number of stimuli used and the rationale
for selecting stimuli were the same. For both associative learning tasks, 30 to-be-learnt
pairs were created, with the number based on previous studies (e.g. Kelly & Armstrong,
2009) and predicted to be an appropriate learning load. Additional stimuli were needed
310to ensure the appropriate spacing schedule in the study phase and therefore an extra 78
pairs of stimuli were created as intervening pairs, which the participants only saw once
in the study phase. These pairs were not tested for learning outcomes, though some
words/pictures were used in the delayed recognition task as intervening items.
Linguistic stimuli were disyllabic concrete nouns of relatively low frequency, in the
315frequency range from 10 to 210 word per million (Leech, Rayson, & Wilson, 2001), in
written and spoken English. The target word was paired with a (cue) word, with the pair
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having only a weak relationship in meaning, forming a “to-be-learnt” pair. The relation-
ship was assessed using association strength, with the strength between a target and a
cue word only 2% – 4.8% (as listed in the Birkbeck Word Association Norms; Moss &
320Older, 1996). For the example provided in Figure 2(b), the semantic association strength
between the cue word, ruler, and the target word, wood, was 4.4%. In the three
subsequent retrieval practices, the target word was presented along with a semantically
related distractor (leader, plastic, & rubber) and an unrelated distractor (farm, crown, &
brush). The semantic association strength between the cue word and the distractors, in
325this case, were 2.2%. Unrelated distractors were words that had appeared in other pairs.
The filler pairs were formed similarly. The frequency range of filler pairs was controlled to
match the to-be-learnt words and again there was only a weak association relationship
between the two words in the pair. For instance, gate (cue word) and path (target word)
formed a filler pair; the association between the two words was 4.8%.
330Non-linguistic stimuli were various photographs of real-life scenes. Previous studies
(e.g. Silverberg & Buchanan, 2005) on verbal mediation and memory have demonstrated
that visual stimuli found to be the easiest to describe are retained better for later
recognition. Therefore, photographs of complex real-life scenes with no salient visual
feature were selected as they were difficult for the participants to use linguistic encod-
335ing or to be associated with single semantic tag. The pictures involved fell into one of six
categories: portrait, animal, object, food, water, and scenery. A picture-pair was created
with two distinguishable pictures from the same category, as shown in Figure 2(a). The
30 to-be-learnt picture-pairs contained five pairs from each category, which also con-
tributed equal numbers of pairs to filler pairs. The same as linguistic stimuli, each
340retrieval practice consisted, the cue picture, the target, a picture of the same category
as the picture pair, and an unrelated picture.
Practice method: massed vs. spaced learning
Practice method (massed or spaced schedules) was manipulated in the study phase, in
which the to-be-learnt pairs were introduced to the participants and practiced. The 30 to-
345be-learnt pairs were assigned to massed or spaced learning conditions, with 15 pairs for
each. The pairs were counterbalanced across participants; that is a pair of to-be-learnt
words was practiced by one participant in themassed condition and by another participant
Table 2. People with aphasia’s performance on memory and executive function assessments.
People with aphasia
Digit repetition
verbal short-term memory
Corsi Blocks Pyramids and palm trees test
WCST
Visuo-spatial
memory
Semantic memory
(maximum = 52)
P1 6.0 3.8 52 High average
P2 2.7 5.0 50 Average
P3 4.8 4.0 50 Borderline
P4 3.3 4.7 51 High average
P5 2.7 4.1 52 Superior
P6 3.7 4.5 50 Borderline
P7 3.0 4.9 52 High average
P8 4.2 4.8 51 Average
P9 2.9 3.8 52 Average
P10 6.5 4.2 52 Average
P11 4.8 4.2 50 Average
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in the spaced condition. Stimuli for massed learning, as presented in Figure 1(a) were
presented in a list with no intervening trial (i.e. zero lag) and an inter-stimulus delay of less
350than one second. Stimuli for spaced learning were presented with four intervening trials, (i.
e. lag 4). In both conditions a pair of to-be-learnt items was presented 4 times during the
study phase, including the initial presentation of the pair and three follow-up retrieval
practices. Figure1(b), using word-pairs as an example, demonstrates how a pair of items
was presented in the study phase in the spaced learning condition. The intervening trials
355could be a set of massed learning trials (initial presentation plus its follow-up retrieval
practices), filler trials, or retrieval practices of other to-be-learnt pairs.
Procedures/tasks
Participants were tested individually. Participants were briefed about the study and were
made aware that they were to attend two separate sessions, as shown in Figure 1, and to
360be assessed immediately after the study phase and again approximately 48 h©apart to
complete the study. Before beginning the study phase, instructions and 10 practice trials
were provided to familiarise the participants with the experimental process and so that
any queries could be addressed. The practice trial contained two to-be-learnt picture
pairs; one for massed practice and the other for spaced practice. The practice was
365repeated to ensure all participants understood the task. The stimuli used for practice
were not used in experiment trials.
Phase 1: study phase
The associative learning task adopted in the study phase wasmodified from a pair-association
paradigm previously used to investigate the spacing effect (e.g. Balota et al., 2006; Karpicke &
370Roediger, 2007; Pashler et al., 2003). Figure 2 illustrates how stimuli were presented to the
participants in the associative learning task. Each box represents what the participants saw on
the screen for a task trial. The initial presentation of a to-be-learnt pair contained two items, a
cue word/picture on the left of the screen and a target word/picture on the right. In the
subsequent retrieval practice trial, the cue word/picture remained on the left of the screen
375whilst the target word/picture was presented on the right along with a related distracter and
an unrelated distracter. Each retrieval practice trial consisted of different distracters, not only in
an attempt to ensure learning had occurred but also to minimise the possibility that the
participants could rely heavily on other learning strategies (e.g. elimination).
Each associative learning task contained 198 trials. Between trials, there was a brief inter-
380stimulus interval (500 ms©), during which a blank screen with a cross (+) in the middle of the
screen appeared to remind participants the next trial was about to appear. For the trials
containing a to-be-learnt pair and an intervening pair, the duration of presentation was 4 s©.
Once the presentation time elapsed, the pair was removed from the screen. For the retrieval
practice trials, the participants had a maximum of 10 s©to choose one of the three items to
385match with the cue using a mouse-click on their choice. Once a response was made, auditory
feedback (“correct”/ “©wrong”) was provided by the computer and the distracters were
removed from the screen, leaving only the cue and the target items. To ensure the participants
realised that the target/correct response remained on screen, a red “√” was displayed on the
screen, next to the target at the same time as feedback was provided. In the case of no
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390response, the retrieval practice trial remained on the screen for 10 s©before being removed
from the screen.
Once the study phase terminated (approximately 15 min©) participants were given a
©10-min©-break, during which they were engaged in general conversations before pro-
ceeding to the immediate cued recall task.
395Phase 2: immediate cued recall
In the cued recall task, all 30 to-be-learnt pairs were presented in the same manner as they
were for retrieval practice in the study phase. The participants were told to follow exactly the
same procedure as retrieval practice, with no feedback provided. Once a response was
made, the next trial was presented. The first half of the session finished on the completion of
400the immediate cued recall task for one set of the stimuli. Before moving on to the second
half, the participants could take a break if they wished to do so. In the second half of the
session, the participants were given the other set of stimuli and the procedurewas repeated.
Phase 3: delayed recognition
Ninety items (words or pictures) were involved in the task, out of which, 30 items were
405extracted from the to-be-learnt pairs (targets; seen four times). Another 30 items were those
shown once as semantically©related distractors (distractors; seen once only) for the retrieval
practice trials in associative learning task. Including the distractors in the delayed recognition
task provides further information about whether repeated retrieval practice benefits retention
for recognition. The other 30 items were words/pictures that the participants had not
410seen before (fillers) in the associative learning task; for the words, frequency was matched to
stimuli of the other conditions. For practice, a list of five pictures were created. Two of the
pictures were semantically related distractors in the associative learning task and the others
were fillers.
Prior to the delayed recognition tasks, the participants were notified that they would be
415presented with a list of items (words or pictures) one after another, some of the items had
been shown in the study phase and others not. The participants were asked to judge
whether they had seen each item in the study phase or not. A mouse labelled with “Yes”
(the left button) and “No” (the right button) was placed in front of the participants and they
were directed to click to give their response. The participants were given a practice list
420familiarise the task. For each item (a word or a picture), the participants had a maximum of
5 s©to respond and the next item was presented after their response; a 500ms blank screen
intervened between items. No feedback was given in the delayed recognition task.
Phase 4: delayed cued recall
On completion of the delayed recognition task, participants moved on to the delayed
425cued recall task, which was identical to the immediate cued recall tasks in terms of
procedure. Participants could have a small break between delayed recognition tasks and
the delayed cued recall tasks if they wished.
Data analyses
To address whether associative learning in people with aphasia differed from that of healthy
430control participants, the accuracy of retrieval practice during study, accuracy of cued recall in
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immediate and delayed cued recall tasks, and accuracy of delayed recognition was examined.
For each comparison, a mixed repeated-measure analyses of variance (ANOVA) including a
between-participant factor (group), two within-participant factors (stimulus type and practice
method), and an additional task-specific within-participant factor was involved. Task-specific
435factors were the retrieval condition in the study phase (retrieval 1, 2, and 3) and the recall
condition in the cued recall tasks (immediate and delayed). The delayed recognition task
served two purposes, to explore if newly learnt items are better maintained through retrieval
practice and to assess the efficacy of practicemethod. Therefore, two task-specific factors, item
type (target, distractor, and filler) and practice method, were involved in separate analyses.
440The main effect of the between participant factor as well as task-specific factors are
summarised in Table 3 and will be discussed below, considering overall performance on
associative learning, learning of linguistic and non-linguistic information and the effects
of massed and spaced practice.
Results
445The study aims to verify if associative learning ability is impaired among people with aphasia
by first looking at the patterns of learning during study, the learning outcome (cued-recall),
and performance on recognition. Therefore, we firstly report overall performance on all tasks.
Then, the effects of language function are presented before showing potential facilitatory
effects of the practice methods. Across all tasks and conditions, the performance of people
450with aphasia was directly compared with the two groups of healthy participants (young and
older control participants). Descriptive statistics are provided in Table 2 summarises the
learning outcomes generated by the three groups under each experimental condition.
Overall learning
The results showed that all groups demonstrated learning; young participants had
455higher retrieval/recall accuracy across tasks than people with aphasia. People with
aphasia generated similar patterns of learning to the age-matched control participants,
despite overall fewer word/picture pairs being learnt and retained. The associative
learning outcomes of the groups in each phase of the study are presented in Figure 3
whilst the group effects can be found in Table 3.
460Within the study phase, retrieval practice was a facilitator for improving retrieval accuracy
(F (2, 44) = 46.40, MSE = 1.06, p< 0.001). Increased accuracy after each retrieval practice can be
observed from the descriptive data in Table 2. The immediate and delayed cued recall
measured the ability to retain the newly learnt information. Recall accuracy deteriorated,
shown in Figure 3, over time as expected (F (1, 44) = 14.12, MSE =©1.91, p = 0.001). The results
465of delayed recognition support the benefit of retrieval practice during study. Items (targets)
that were practiced in the study phase yield better recognition than items (distractors) that
appeared only once (F (2, 88) = 242.64, MSE =©70.88, p < 0.001).
People with aphasia demonstrated similar patterns of learning, though with reduced
learning outcomes in the study phase (F (2, 44) = 8.68, MSE =©9.26, p < 0.001) and poorer
470recall accuracy (F (2, 44) = 10.79, MSE =©11.623, p < 0.001). The significant interactions
between retrieval and group condition (F (4, 88) = 9.91, MSE =©1.64, p < 0.001) further
revealed reduced learning efficiency among people with aphasia. The descriptive data in
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Table 3. Percentage accuracy of the three groups of participants under each condition of
the tasks.
Mean (SD)
Study phase Young Older People with aphasia
Word-pairs
Massed practice
Retrieval 1 100.00 (0.00) 99.63 (1.57) 87.27 (17.75)
Retrieval 2 98.89 (3.43) 99.63 (1.57) 93.33 (14.61)
Retrieval 3 99.63 (1.57) 99.63 (1.57) 95.76 (12.03)
Spaced practice
Retrieval 1 94.07 (6.42) 95.56 (6.05) 81.82 (17.15)
Retrieval 2 98.52 (3.66) 98.15 (3.83) 90.30 (10.48)
Retrieval 3 100.00 (0.00) 98.89 (2.56) 94.55 (13.93)
Picture-pairs
Massed practice
Retrieval 1 97.41 (5.67) 94.81 (8.42) 76.36 (22.58)
Retrieval 2 97.78 (9.43) 99.63 (1.57) 95.15 (6.03)
Retrieval 3 98.52 (3.66) 99.26 (2.16) 95.76 (6.85)
Spaced practice
Retrieval 1 91.11 (13.14) 93.70 (8.08) 80.61 (16.18)
Retrieval 2 97.78 (5.60) 98.15 (3.83) 88.48 (14.33)
Retrieval 3 97.78 (5.11) 98.52 (2.85) 93.33 (10.75)
Immediate cued-recall
Word-pairs
Massed pairs 82.26 (11.91) 91.11 (8.56) 76.97 (15.31)
Spaced pairs 97.78 (5.11) 98.15 (3.83) 88.48 (15.23)
Picture-pairs
Massed pairs 84.44 (13.53) 82.22 (10.48) 74.55 (16.01)
Spaced pairs 93.70 (9.56) 93.70 (8.39) 81.82 (13.03)
Delayed recognition
Word
Massed items 78.15 (12.27) 74.04 (19.25) 79.39 (15.33)
Spaced items 91.85 (9.58) 85.93 (14.44) 87.88 (14.85)
Picture
Massed items 78.15 (19.64) 82.96 (12.98) 83.64 (10.48)
Spaced items 90.00 (12.29) 86.30 (9.28) 83.03 (11.30)
Delayed cued-recall
Word-pairs
Massed pairs 91.85 (8.10) 85.93 (11.63) 67.23 (20.32)
Spaced pairs 97.78 (5.11) 94.81 (8.10) 81.21 (15.44)
Picture-pairs
Massed pairs 84.07 (13.16) 83.33 (10.54) 72.12 (14.24)
Spaced pairs 88.52 (12.27) 84.81 (12.69) 76.36 (15.18)
Table 4.Q4 Level of significance of main effects summarised by task. As some factors are task-specific
the factors included in individual analysis varied.
Study phase Cued-recall Delayed recognition
Participant group
(young, older, & people with aphasia)
= 0.001** < 0.001** = 0.806
Practice method
(massing vs. spacing)
< 0.001** = 0.001** < 0.001**
Stimulus type
(linguistic vs. non-linguistic)
= 0.053 = 0.001** = 0.553
Retrieval practice
(1, 2, & 3)
< 0.001** N/A N/A
Recall condition
(Immediate vs. delayed)
N/A = 0.001** N/A
Item type
(target, distractor, & filler)
N/A N/A < 0.001**
**Level of significance reached 0.001.
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Table 2 (study phase) demonstrates the different percentage of accuracy in retrieval for
PWA compared with control participants, particularly at the first two retrieval practices.
475However, the results suggest that the performance of people with aphasia was affected
by the same factors and manipulations as the control participants. In both cued recall tasks,
none of the within-participant factors interacted with the group factor. Although people
with aphasia demonstrated reduced associative learning, their performance on delayed
recognition was similar to the controls; the results revealed no significant group difference
480in delayed recognition (F (2, 44) = 2.17, MSE =©14.37, p = 0.126).
Effect of linguistic and non-linguistic on associative learning
Overall, by the end of the study phase, word-pairs and picture-pairs were learnt equally
well (F (1, 44) = 3.97, MSE =©2.32, p = 0.053) by all participants. However, an interaction
was found between stimulus type and retrieval condition (F (2, 88) = 7.75, MSE =©0.66,
485p = 0.003), suggesting that word-pairs were learnt more efficiently than picture-pairs
during study (see Table 2 for percentage of accuracy at each retrieval). Further, the effect
of stimulus type (F (1,44) = 12.45, MSE =©4.15, p = 0.001) was observed in cued recall tasks;
in both immediate and delayed recall tasks, word-pairs yielded higher recall accuracy
than picture-pairs. The results of delayed recognition mirrored the study phase, the effect
490of stimulus type was not significant (F (1,44) = 3.98, MSE = 12.66, p = 0.553). The findings
partially supported the prediction that word-pairs were learnt better than picture-pairs.
Interestingly despite impaired language, there was no difference in the response of people
with aphasia compared to control participants, in terms of response to stimulus type. No
interactionwas foundbetween group and stimulus type in any phase of the study. It is notable
495that despite the learning outcomes generated by people with aphasia largely mirroring the
patterns of the controls, individual differences on word-pair learning was more evident than
on picture-pair learning (particularly in phases 2, 3 and 4). The group of people with aphasia
had relatively larger standard deviations, shown in Table 2, in word-pair learning across tasks.
The effects of massed and spaced practice on associative learning
500The findings fully support themassing and spacing hypotheses. In the study phase, the benefit
of massed learning over spaced learning on retrieval accuracy was found (F (1, 44) = 15.98,
Figure 3. Average accuracy, regardless of stimulus type and method of practice, generated by the
three groups of participants in each phase of the study. Standard deviations of the groups are
demonstrated using error bars.
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MSE =©0.80, p < 0.001). Interaction between practice method and retrieval condition further
revealed that massed learning was a better facilitator than spaced learning during study
(F (2, 88) = 5.88, MSE =©0.36, p = 0.004). As per predictions, in both cued recall tasks, spaced
505learning led to higher recall accuracy than massed learning (F (1,44) = 66.24, MSE =©1.86,
p = 0.001). Moreover, a significant interaction between stimulus type, recall condition, and
practice method (F (1, 44) = 5.42, MSE =©0.98, p = 0.025) was observed. As demonstrated in
Figure 4, word- and picture-pairs in the spaced learning condition yield higher recall accuracy
thanword- and picture-pairs in themassed learning condition. The benefit of spacingwas also
510found in delayed recognition (F (1, 44) = 30.03, MSE =©2.19, p < 0.001). A significant interaction
between the stimulus type and practice method (F (1, 44) = 4.94, MSE =©2.14, p = 0.031) was
found, shown in Figure 5, indicating the benefit of spacing was not limited to paired associa-
tion but also recognition.
People with aphasia as a group exhibited the same massing and spacing effects as the
515control participants. No interaction was found between group and practice method indi-
cated that massing and spacing effect was not diluted among people with aphasia due to
language impairment(s). It is noticeable that, despite individual differences in learning
outcome, there is an overlap between people with aphasia and their age-matched partici-
pants. Figure 6(a) and Figure 6(b) demonstrates that the spaced learning approach facili-
520tated people with aphasia in immediate as well as delayed recall. Within delayed recognition
(shown in Figure 6(c)), almost all people with aphasia performed within the control range.
Discussion
This study aims to investigate associative learning in peoplewith aphasia, examining the effect
of the nature of the stimuli on associative learning through directly comparing learning of
525linguistic and non-linguist material. In addition, the study examines the facilitatory effects of
massed and spaced practice on associative learning. The findings of the current study
contribute to our understanding of associative learning in people with aphasia, considering
how their associative learning ability differs (or not) fromhealthy young andolder participants.
Overall learning
530The current study contributes further insights into associative learning in people with aphasia.
Although, as a group, people with aphasia were less efficient in the associative learning tasks
Figure 4. Effect of massing and spacing on accuracy of immediate and delayed cued recall of (a)
word-pairs and (b) picture-pairs. Average accuracy across groups. Error bars are based on the
standard deviations of each condition of the experiment.
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compared to the control participants, the overall pattern of learning generated by peoplewith
aphasia were similar to the other two groups of participants. During study, the performance of
people with aphasia was at a similar level to their age-matched participants. That is, new
535information can be learnt via repeated retrieval practices. People with aphasia also showed
retention of information within the cued recall and recognition tasks. Whilst in the delayed
recognition task, the accuracy of recognition of people with aphasia was at similar level to the
controls, the accuracies of retrieval in both immediate and delayed cued retrieval tasks were
significantly worse. The difference between the performance on recognition and cued recall is
540not surprising because recognition is easier than having to explicitly retrieve the newly learnt
pair associates. However, this finding also points to potentialmemorymechanisms underlying
recognition and retrieval, as suggested by the dual-process model of recognition (Mandler,
1980, 2008). According to Mandler, detecting familiarity for recognition is an “intraevent
organizational integrative process” whilst©utilising the recognised information for recall is an
545“interevent elaborative process”. Therefore, the two processes are selectively affected and,
Figure 5. Effect of massing and spacing on delayed recognition of learnt items. The performance of
the three groups on each condition are demonstrated with standard deviation shown as error bars.
Figure 6. Spaced practice in people with aphasia. The solid and dash lines represent the average
learning outcome generated by age-matched control group in massed practice and spaced practice
condition, respectively. (a) and (b) outline the performance of immediate cue-recall and delayed
cued-recall, respectively, whilst (c) summarises the performance on delayed recognition.
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based on our findings, it is possible that the difficulties for people with aphasia lies at the
retrieval process but not the process of establishing familiarity.
One further point for consideration is the greater individual difference observed in
people with aphasia than in the controls at various stages of learning. It is also important
550to acknowledge that the relationship between success in associative learning and re-
learning language needs exploration. The current evidence demonstrates apparently
normal learning patterns for paired associates; however, these people with aphasia
continued to struggle with language. Therefore, whether language recovery and pair-
association tasks require different learning mechanisms needs further investigation.
555Linguistic and non-linguistic associative learning
The study directly compared learning of linguistic to non-linguistic information to
explore whether the reduced learning outcomes, previously reported in people with
aphasia, are due to the language impairment or to a general learning deficit. Across all
tasks, the learning patterns generated by people with aphasia mirrored the control
560participants, though with a reduced overall average retrieval/recall accuracy.
People with aphasia learned the word-pairs better than the picture-pairs in both massed
and spaced conditions: the same as the other two groups of participants. The current findings
are in line with the study on the effect of linguistic load on working memory by Christensen
and Wright (2010), which reported that “linguistic heavy stimuli” (real words) were better
565recalled than “semi-linguistic stimuli” (non-words) and non-linguistic stimuli (sounds).
Furthermore, the current results can be considered as supporting evidence for the interactive
activation model of short-term memory (Martin & Saffran, 1997), showing that linguistic
knowledge plays an important role in establishing new learning. The evidence provided by
the current study is two-fold. On the one hand, healthy controls were able to achieve
570better learning outcomes than the people with aphasia, under the circumstance when
the to-be-learnt pairs contained minimal semantic information. In the case of pictures of
real-life scenes, it is possible that the complex semantic content in individual pictures chal-
lenged the participantsmore in terms of building associations between cue and target. On the
other hand, despite the language impairments, people with aphasia still found word-pairs
575easier to learn than picture pairs. One possibility is that learning of non-linguistic information
may also require verbal mediation, a potential challenge for the people with aphasia. The fact
that people with aphasia generated learning patterns similar to the controls©indicates that
people with aphasia are capable of learning new information and the learning process is not
different from people without language impairment. That is, despite language impairments,
580people with aphasia also rely on linguistic knowledge to encode the to-be-learnt information.
Massing and spacing effect on associative learning
The current study contributes to the existing literature on massed versus spaced learning
within a pair-association paradigm by investigating the massing and spacing effect (robustly
found for healthy participants) in people with aphasia. Overall, the patterns of learning
585generated by people with aphasia were reduced but qualitatively very similar to their age-
matched controls and young participants. The difference among people with aphasia and the
two control groups lay in efficiency of associative learning in the study phase.
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There have been different accounts of the effects of spaced over massed practice on
long-term retention. Explanations for the massing and spacing effect include which
590memory system is involved in retrieval; having retrieval practice immediately after a
pair is presented only allows participants to retrieve the newly learnt information from
short-term memory instead of (long-term) episodic memory. Information recalled from
short-term memory does not always transfer into long-term retention (Craik, 1970; Craik
& Watkins, 1973); consequently, massed practice mainly benefits immediate retrieval.
595This account is supported by the current results showing that spaced practiced out-
performed massed practiced in terms of retention rate in cued-recalls tasks©10-min©and
©2-day post study. Moreover, that the spacing effect is found for recall but not recogni-
tion accuracy provides further evidence that recognition and retrieval involve two
separate memory processes (Mandler, 1980, 2008). Spacing is only efficient for enhan-
600cing the interevent elaborative processes for retrieval but not for increasing familiarity
for successful recognition.
Alternatively, encoding variability theory (Martin, 1968; Melton, 1970) has been pre-
viously employed by Balota et al. (2006) to account for the effect of spacing. According to
this theory, performance on memory tasks depends on the interval between the time of
605study and the time of retrieval. The two factors correlate with one another. As the memory
for newly learnt information fluctuates across time, the likelihood of recalling a piece of
information depends on howmuch overlap there is in the time of information encoding and
the time of information retrieval. Therefore, massed practice produces double encoding
because there is little time for the memory to fluctuate; consequently, it results in relatively
610poor retention. Spacing practice, on the other hand, separated by intervening item(s), allows
new memory to fluctuate and creates a distinct encoding experience at retrieval. We
consider this account to be more elaborative than the first account, as it further highlights
the role of encoding process. The current findings, showing better retention of word-pairs
than picture-pairs, particularly at delayed cued-recall, can be considered as evidence in
615support of this account. That is, word-pairs contain information that is more straightforward
to encode than picture-pairs, which carry complex information, none of which is salient
enough to facilitate linguistic encoding.
This study advances the understanding of spacing in relation to the pair-association
paradigm. Previously, Middleton et al. (2016) reported spaced practice as an effective
620approach for re-learning proper nouns. Evidence from the current study further demon-
strates the facilitatory effect of spacing for associative learning in general. Regardless of
material type, spaced practiced pairs were better recalled than massed practiced pairs in
the cued-recall tasks. Furthermore, spacing is identified as an effective learning approach
for people with aphasia with different linguistic profiles. In the study by Middleton et al.
625(2016) the participants reported were largely nonfluent with anomia. The participants
involved in the current study comprised both people with fluent and nonfluent aphasia
and the degree of severity varied. In the immediate cue-recall task, nine out of the©11
people with aphasia benefited from spacing. In the delayed cue-recall task, the two
people with aphasia who did not show a spacing effect in the immediate cue-recall
630demonstrated better retention of spaced practiced pairs than massed practiced pairs.
The effect of spacing was found to be diluted after a delay of©2 days in only one of the
people with aphasia. Taken together, the evidence suggests that spacing is an effective
learning approach for people with aphasia with varied severity of language impairment.
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However, there are individual differences in terms of when the effect appears most
635strongly and how long the effect may last. Further research with larger sample size is
needed to understand what might underpin the individual difference and how to
maximise the effect of spacing to facilitate associative learning outcome for people
with aphasia. In addition, more evidence is needed to explore whether the effect of
massed versus spaced practice can be generalised to different types of associative
640learning. For instant, associative learning of visuo-auditory pairs, which involves coordi-
nating inputs from visual as well as auditory modalities, might have a higher processing
demand and, therefore, be less sensitive to massing and/or spacing.
Conclusion
This study sets out to compare associative learning of words and pictures to identify if the
645difficulty in associative learning is language specific, and to explore the efficacy of potential
learning approaches, with massed and spaced practice. The study contributes to both
theoretical and clinical perspectives. In terms of theoretical implications, the spacing effect
did not generalise to both recognition and recall, suggesting different mechanisms under-
lying recognition and retrieval. Moreover, people with aphasia demonstrated reduced recall
650but not recognition accuracy indicating the difficulty lies in retrieval processes. Therefore,
identifying an effective learning approach that facilitates retrieval processes is crucial for re-
learning language. In terms of clinical implications, this study demonstrates spaced practice as
an effective facilitator of associative learning at word level for people with aphasia with
different language profiles. The evidence reveals that spacing can be effective at a rather
655short lag duration, four intervening pairs in this case, and can easily be implemented in a
therapy session. Future research and clinical evidence is required to explore the benefit as well
as limitation of spacing in various tasks that aim for re-learning language. Moreover, it is
necessary to explore the relationship of learning in the paired-association paradigm with
learning in rehabilitation.
660Disclosure statement
No potential conflict of interest was reported by the authors.Q5
References
Baddeley, A. (2003). Working memory: Looking back and looking forward. Nature Reviews
Neuroscience, 4, 829–839. doi:10.1038/nrn1201Q6
665Baddeley, A. (2010). Working memory. Current Biology, 20, R136–R140. doi:10.1016/j.
cub.2009.12.014
Baddeley, A., Gathercole, S. E., & Papagno, C. (1998). The phonological loop as a language learning
device. Psychological Review, 105, 158–173.Q7
Baddeley, A., & Hitch, G. (1974). Working memory. In G. H. Bower (Ed.), The psychology of learning
670and motivation: Advances in research and theory (Vol. 8, pp. 48–89). New York: Academic Press.
Balota, D. A., Duchek, J. M., Sergent-Marshall, S. D., & Roediger, H. L. (2006). Does expanded
retrieval produce benefits over equal-interval spacing? Explorations of spacing effects in healthy
aging and early stage Alzheimer’s disease. Psychology and Aging, 21, 19–31. doi:10.1037/0882-
7974.21.1.19
20 N. Y.-H. WANG ET AL.
675Best, W., Herbert, R., Hickin, J., Osborne, F., & Howard, D. (2002). Phonological and orthographic
facilitation of word-retrieval in aphasia: Immediate and delayed effects. Aphasiology, 16, 151–
168. doi:10.1080/02687040143000483
Brookshire, R. H. (1969). Probability learning by aphasic subjects. Journal of Speech and Hearing
Research, 12, 857–864.Q8
Q9
680Carpenter, S. K., & DeLosh, E. L. (2005). Application of the testing and spacing effects to name
learning. Applied Cognitive Psychology, 19, 619–636. doi:10.1002/acp.1101
Cepeda, N. J., Pashler, H., Vul, E., Wixted, T., & Rohrer, D. (2006). Distributed practice in verbal recall
tasks: A review and quantitative synthesis. Psychological Bulletin, 132, 354–380. doi:10.1037/
0033-2909.132.3.354
685Christensen, S. C., & Wright, H. H. (2010). Verbal and non-verbal working memory in aphasia: What
three n-back tasks reveal. Aphasiology, 24, 752–762. doi:10.1080/02687030903437690
Conroy, P., Sage, K., & Lambon Ralph, M. A. (2009). Errorless and errorful therapy for verb and noun
naming in aphasia. Aphasiology, 23, 1311–1337. doi:10.1080/02687030902756439
Craik, F. I. M. (1970). The fate of primary memory items in free recall. Journal of Verbal Learning and
690Verbal Behavior, 9, 143–148. doi:10.1016/S0022-5371(70)80042-1
Craik, F. I. M., & Watkins, M. J. (1973). The role of rehearsal in short-term memory. Journal of Verbal
Learning and Verbal Behavior, 12, 607–699. doi:10.1016/S0022-5371(73)80039-8
Cull, W. L. (2000). Untangling the benefits of multiple study opportunities and repeated testing for
cued recall. Applied Cognitive Psychology, 14, 215–235. doi:10.1002/(ISSN)1099-0720
695Dell, G. S., & O’Seaghdha, P. G. (1994). Inhibitory processes in attention, memory, and language. In
D. Dagenbach & T. H. Carr (Eds.), Inhibition in interactive activation models of linguistic selection
and sequencing (pp. 409–451). San Diego: Academic Press.
Ebbinghaus, H. (1964). Memory: A contribution to experimental psychology. ((H. A. Ruger, C. E.
Bussenius & E. R. Hilgard, Trans.)). New York, NY: Dover Publications. (Original work published
700in 1885; translated in 1913).
Fillingham, J. K., Sage, K., & Lambon Ralph, M. A. (2005). Treatment of anomia using errorless versus
errorful learning: Are frontal executive skills and feedback important? International Journal of
Language & Communication Disorders, 40, 505–523. doi:10.1080/13682820500138572
Fillingham, J. K., Sage, K., & Lambon Ralph, M. A. (2006). The treatment of anomia using errorless
705learning. Neuropsychological Rehabilitation, 16, 129–154. doi:10.1080/09602010443000254
Forster, K. I., & Forster, J. C. (2003). DMDX: A windows display program with millisecond accuracy.
Behavior Research Methods, Instruments, & Computers, 35, 116–124. doi:10.3758/BF03195503
Green Heredia, C., Sage, K., Lambon Ralph, M. A., & Berthier, M. (2009). Relearning and retention of
verbal labels in a case of semantic dementia. Aphasiology, 23, 1–18.Q10
710Howard, D., & Patterson, K. (1992). Pyramids and Palm Trees: A test of semantic access from words
and pictures. Bury St. Edmunds, UK: Thames Valley Test Company.
Humphreys, G. W., Bickerton, W. L., Samson, D., & Riddoch, M. J. (2012). The Birmingham Cognitive
Screen (BCoS). London: Psychology press.
Jackson, C. E., Maruff, P. T., & Snyder, P. J. (2013). Massed versus spaced visuospatial memory in
715cognitively healthy young and older adults. Alzheimer’s & Dementia, 9, S32–S38. doi:10.1016/j.
jalz.2012.04.005
Jokel, R., Graham, N. L., Rochon, E., & Leonard, C. (2014). Word retrieval therapies in primary
progressive aphasia. Aphasiology, 28, 1038–1068. doi:10.1080/02687038.2014.899306
Kahana, M. J., & Howard, M. W. (2005). Spacing and lag effects in free recall of pure lists.
720Psychological Bulletin & Reviews, 12, 159–164. doi:10.3758/BF03196362
Karpicke, J. D., & Roediger, H. L., III. (2007). Expanding retrieval practice promotes short-term
retention, but equally spaced retrieval enhances long-term retention. Journal of Experimental
Psychology-Learning Memory and Cognition, 33, 704–719. doi:10.1037/0278-7393.33.4.704
Karpicke, J. D., & Roediger, H. L., III. (2008). The critical importance of retrieval for learning. Science,
725319, 966–968. doi:10.1126/science.1152408
Kelly, H., & Armstrong, L. (2009). New word learning in people with aphasia. Aphasiology, 23, 1398–
1417. doi:10.1080/02687030802289200
APHASIOLOGY 21
Kornell, N., & Bjork, R. A. (2008). Learning concepts and categories: Is spacing the “enemy of
induction”? Psychological Science, 19, 585–592. doi:10.1111/j.1467-9280.2008.02127.x
730Kornell, N., Castel, A. D., Eich, T. S., & Bjork, R. A. (2010). Spacing as the friend of both memory and
induction in young and older adults. Psychology and Aging, 25, 498–503. doi:10.1037/a0017807
Krajenbrink, T., Nickels, L., & Kohnen, S. (2015). Generalisation after treatment of acquired
spelling impairments: A review. Neuropsychological Rehabilitation., 25, 503–554. doi:10.1080/
09602011.2014.983135
735Leech, G., Rayson, P., & Wilson, A. (2001). Word frequencies in written and spoken English based on
the British National Corpus. London: Longman.
Logan, J. M., Castel, A. D., Haber, S., & Viehman, E. J. (2012). Metacognition and the spacing effect:
The role of repetition feedback, and instruction on judgments of learning for massed and
spaced rehearsal. Metacognition Learning, 7, 175–195. doi:10.1007/s11409-012-9090-3
740Mandler, G. (1980). Recognising: The judgment of previous occurrence. Psychological Review, 87,
252–271. doi:10.1037/0033-295X.87.3.252
Mandler, G. (2008). Familiarity breeds attempts: A critical review of dual-process theories of recogni-
tion. Perspectives on Psychological Science, 3, 390–399. doi:10.1111/j.1745-6924.2008.00087.x
Martin, E. (1968). Stimulus meaningfulness and paired-associate transfer: An encoding variability
745hypothesis. Psychological Review, 75, 421–441.Q11
Martin, N., & Saffran, E. M. (1997). Language and auditory-verbal short-term memory impairments:
Evidence for common underlying processes. Cognitive Neuropsychology, 14, 641–682.
doi:10.1080/026432997381402
Melton, A. W. (1970). The situation with respect to the spacing of repetitions and memory. Journal
750of Verbal Learning and Verbal Behaviour, 9, 596–606. doi:10.1016/S0022-5371(70)80107-4
Middleton, E. L., & Schwartz, M. F. (2012). Errorless learning in cognitive rehabilitation: A critical
review. Neuropsychological Rehabilitation, 22, 138–168. doi:10.1080/09602011.2011.639619
Middleton, E. L., Schwartz, M. F., Rawson, K. A., & Garvey, K. (2015). Test-enhanced learning versus
errorless learning in aphasia rehabilitation: Testing competing psychological principles. Journal
755of Experimental Psychology: Learning, Memory, and Cognition, 41, 1253–1261.Q12
Middleton, E. L., Schwartz, M. F., Rawson, K. A., Traut, H., & Verkuilen, J. (2016). Towards a theory of
learning for naming rehabilitation: Retrieval practice and spacing effects. Journal of Speech,
Language, and Hearing Research, 59, 111–1122. doi:10.1044/2016_JSLHR-L-15-0303
Morris, J., Howard, D., & Buerk, F. (2014, May). SemaFoRe: Comparing word retrieval treatments for
760aphasia via a randomised crossover trial. Paper presented at Clinical Aphasiology Conference, St.
Simons Island, GA.
Moss, H., & Older, L. (1996). Birkbeck word association norms. Hove: Psychology Press.
Nickels, L. (2002). Therapy for naming disorders: Revisiting, revising, and reviewing. Aphasiology,
16, 935–979. doi:10.1080/02687030244000563
765Pashler, H., Zarow, G., & Triplett, B. (2003). Is temporal spacing of tests helpful even when it inflates
error rates? Journal of Experimental Psychology: Learning, Memory, and Cognition, 29, 1051–1057.
doi:10.1037/0278-7393.29.6.1051
Perruchet, P. (1989). The effect of spaced practice on explicit and implicit memory. British Journal
of Psychology, 80, 113–130. doi:10.1111/bjop.1989.80.issue-1
770Rawson, K. A., & Dunlosky, J. (2011). Optimizing schedules of retrieval practice for durable and
efficient learning: How much is enough? Journal of Experimental Psychology: General, 140, 283–
302. doi:10.1037/a0023956
Roediger, H. L., & Karpicke, J. D. (2006). Test-enhanced learning - Taking memory tests
improves long-term retention. Psychological Science, 17, 249–255. doi:10.1111/j.1467-
7759280.2006.01693.x
Sage, K., Snell, C., & Lambon Ralph, M. A. (2011). How intensive does anomia therapy for people
with aphasia need to be? Neuropsychological Rehabilitation, 21, 26–41. doi:10.1080/
09602011.2010.528966
Sandoz, M., Demonet, J. F., & Fossard, M. (2014). Theory of mind and cognitive processes in aging
780and Alzheimer type dementia: A systematic review. Aging & Mental Health, 18, 815–827.
doi:10.1080/13607863.2014.899974
22 N. Y.-H. WANG ET AL.
Schretlen, D. J. (2010). Modified Wisconsin card sorting test (M-WCST). Lutz, FL: Psychological
Assessment Resources.
Schuchard, J., & Middleton, E. L. (2018). The roles of retrieval practice versus errorless learning in
785strengthening lexical access in aphasia. Journal of Speech, Language, and Hearing Research, 61,
1700–1717. doi:10.1044/2018_JSLHR-L-17-0352
Shafto, M. A., & Tyler, L. K. (2014). Language in the aging brain: The network dynamics of cognitive
decline and preservation. Science, 346, 583–587. doi:10.1126/science.1254404
Silverberg, N., & Buchanan, L. (2005). Verbal mediation and memory for novel figural designs: A
790dual interference study. Brain and Cognition, 57, 198–209. doi:10.1016/j.bandc.2004.08.045
Snell, C., Sage, K., & Lambon Ralph, M. A. (2010). How many words should we provide in anomia
therapy? A meta-analysis and a case series study. Aphasiology, 24, 1064–1094. doi:10.1080/
02687030903372632
Sobel, H. S., Cepeda, N. J., & Kapler, I. V. (2011). Spacing effects in real-world classroom vocabulary
795learning. Applied Cognitive Psychology, 25, 763–767. doi:10.1002/acp.v25.5
Son, L. K. (2004). Spacing one’s study: Evidence for a metacognitive control strategy. Journal of
Experimental Psychology: Learning Memory and Cognition, 30, 601–604.Q13
Swinburn, K., Porter, G., & Howard, D. (2005). The Comprehensive Aphasia Test. Hove, UK:
Psychology Press.
800Tikofsky, R. S., & Reynolds, G. L. (1962). Preliminary study: Nonverbal learning and aphasia. Journal
of Speech and Hearing Research, 5, 133–143.Q14
Tikofsky, R. S., & Reynolds, G. L. (1963). Further studies of nonverbal learning and aphasia. Journal
of Speech and Hearing Research, 13, 329–337. doi:10.1044/jshr.0604.329
Tuomiranta, L., Gronholm-Nyman, P., Kohen, F., Rautakoski, P., Laine, M., & Martin, N. (2011).
805Learning and maintaining new vocabulary in persons with aphasia: Two controlled case studies.
Aphasiology, 25, 1030–1052. doi:10.1080/02687038.2011.571384
Tuomiranta, L., Gronroos, A. M., Martin, N., & Laine, M. (2014). Vocabulary acquisition in aphasia:
Modality can matter. Journal of Neurolinguistics, 32, 42–58. doi:10.1016/j.jneuroling.2014.08.006
Vallila-Rohter, S., & Kiran, S. (2013). Non-linguistic learning and aphasia: Evidence from a paired associate
810and feedback-based task. Neuropsychologia, 51, 79–90. doi:10.1016/j.neuropsychologia.2012.10.024
Wahlheim, C. N., Dunlosky, J. J., & Jacoby, L. L. (2011). Spacing enhances the learning of natural
concepts: An investigating of mechanisms, metacognition, and aging. Memory & Cognition, 39,
750–763. doi:10.3758/s13421-010-0063-y
Webster, J., Whitworth, A., & Morris, J. (2015). Is it time to stop “fishing”? A review of generalisation
815following aphasia intervention. Aphasiology, 29, 1240–1264. doi:10.1080/02687038.2015.1027169
Wechsler, D. (1987). Wechsler Memory Scale-revised manual. San Antonio, TX: The Psychological
Corporation.
APHASIOLOGY 23
